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[57] ABSTRACT

A high-frequency non-reciprocal circuit element comprises
a high-frequency-use magnetic layer and a plurality of
center electrodes arranged therein to intersect with each
other while being electrically insulated from each other. The
plurality of center electrodes are advantageously embedded
in the high-frequency-use magnetic layer or layers to be
integrated with the same.

10 Claims, 7 Drawing Sheets
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METHOD OF MAKING A HIGH
FREQUENCY NON-RECIPROCAL CIRCUIT
ELEMENT

This is a division of application Ser. No. 08/101,895.
filed Aug. 2, 1993, now U.S. Pat. No. 5.379.009.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-reciprocal circuit
element which is used in a microwave band, and more
particularly, it relates to a structure of a high frequency
non-reciprocal circuit element (i.e., one used in high fre-
quency applications) which is usable in a circulator, an
isolator or the like, for exampie.

2. Description of the Background Art

In recent years, high-frequency devices have been
increasingly miniaturized and generalized in a mobile com-
munication system or the like. It has therefor become
necessary to reduce the size and cost of non-reciprocal
circuit elements employed in such devices.

Such a non-reciprocal circuit element includes the
so-called lumped parameter non-reciprocal circuit element
having a plurality of center electrodes which are arranged to
intersect with each other in an electrically insulated state,
and high frequency-use magnetic bodies which are arranged
on upper and lower sides of the plurality of center electrodes
arranged so that do magnetic fields are applied to the
plurality of center electrodes by permanent magnets, for

example. Examples of such an element are a lumped param-
eter type circulator, an isolator and the like.

An exemplary method of manufacturing the aforemen-
tioned high frequency non-reciprocal circuit element is now
described with reference to FIG. 13. A center electrode 32a
is arranged on a disk shaped high frequency-use magnetic
body 31a. The center electrode 32a radially extends through
the center of an upper surface of the high frequency-use
magnetic body 31a, to reach a side surface of the high
frequency-use magnetic body 31a. Then, an insulating film
33a of an insulating material is arranged on the center

clectrode 324, and another center electrode 32b is arranged -

thereon to intersect with the center electrode 324. An
insulating film 335, a center electrode 32¢ and an insulating
film 33c¢ are successively arranged on the center electrode
32b, and a high frequency-use magnetic body 31b is finally
placed on and fixed to such a structural body. Thereafter
permanent magnets are arranged on upper and lower side of
the thus-obtained structure, to apply de magnetic fields to the
structural body which is held between the high frequency-
use magnetic bodies 31a and 315.

In order to manufacture such a conventional high fre-
quency non-reciprocal circuit element, the center electrodes
32a to 32¢ are manually arranged alternately with the
insulating films 33a to 33¢, as described above with refer-
ence to FIG. 13. However, it is extremely difficult to
manually assemble the center electrodes 32a to 32¢, which
are reduced to about several millimeters in length with
miniaturization of the high frequency non-reciprocal circuit
clement. In a miniature high frequency non-reciprocal cir-
cuit element, therefore, imperfect assembling such as rela-
tive misregistration of the center electrodes 32a to 32¢ is so
frequently caused that it is difficult to obtain a highly reliable
high frequency non-reciprocal circuit element.

Further, the manufacturing cost for such a conventional
circuit element is increased due to frequent imperfect assem-

bling caused by manual assembling.
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While the high frequency non-reciprocal circuit element
requires a relatively large number of components as here-
inabove described, it is difficult to reduce the cost therefor

due to restriction in cost reduction for the respective com-
ponents.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a high
frequency non-reciprocal circuit element, which can be
reduced in size and cost with a structure exhibiting improved
reliability. |

According to a broad aspect of the present invention,
provided is a high frequency non-reciprocal circuit element
comprising a high frequency magnetic body and a plurality
of center electrodes which are included inside the high
frequency-use magnetic body and arranged to intersect with

each other while in a state being electrically insulated from
cach other.

Throughout the specification, the term “high frequency
magnetic body” indicates a magnetic body which is suitable
tor forming the aforementioned non-reciprocal circuit ele-
ment in a microwave band. This high frequency-use mag-
netic body is not restricted to a magnetic body which is
obtained by stacking a plurality of magnetic green sheet
layers and firing the thus-obtained laminate as described
later with reference to preferred embodiments of the present
invention, but also includes, inter alia, a magnetic body
which is formed by adhering a plurality of previously fired
magnetic plates with each other with an adhesive or the like.
In any case, a feature of the present invention resides in that
the plurality of center electrodes are include within such a
high frequency magnetic body to make an integrated struc-
ture therewith.

The manufacturing method according to the present
invention is adapted to prepare a laminate of high frequency
magnetic layers and a plurality of center electrodes which
are alternately stacked so that the center electrodes intersect
with each other while in a state being electrically insulated
from each other, and to fire the laminate, thereby obtaining
a high frequency non-reciprocal circuit element. In this case,
the unfired high frequency magnetic layers which are
stacked alternately with the center electrodes can be pre-
pared from previously shaped unfired magnetic green sheets
or unfired magnetic layers formed by applying and harden-
ing magnetic paste.

According to another aspect of the present invention, the
aforementioned high frequency non-reciprocal circuit ele-
ment is obtained by preparing high frequency magnetic
plates which are provided with first center electrodes on at
least one single major surfaces thereof and bonding such

high frequency magnetic plates with each other through an
adhesive.

The high frequency non-reciprocal circuit element
according to the present invention generally includes a
non-reciprocal circuit element having a high frequency
magnetic body provided on intersecting portions of a plu-
rality of center electrodes which are so arranged as to
intersect with each other in a state being electrically insu-
lated from each other as described above, with dc magnetic
fields applied thereto by permanent magnets, such as a
lumped parameter high frequency non-reciprocal circuit
clement usable in to a circulator or an isolator, for example.

As hereinabove described, the high frequency non-

reciprocal circuit element according to the present invention
has such an integrated structure that the center electrode

portions are included within the high frequency magnetic
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body. Therefore, it is possible to obtain a high frequency-use
non-reciprocal circuit element which is extremely smaller in
size as compared with a conventional high frequency non-
reciprocal circuit element having center electrodes which are
assembled by hand. Since it is possible to omit a manual
assembling step in the present invention, imperfect assem-
bling such as misregistration of the center electrodes is
hardly caused and it is possible to effectively reduce the
manufacturing cost.

Thus, it is possible to provide a high frequency non-
reciprocal circuit element which is small in size and excel-
lent in reliability at a low cost. According to the present
invention, therefore, it is possible to contribute to
miniaturization, generalization and cost reduction in a high
frequency device which is employed for a mobile commu-
nication system.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a high frequency
non-reciprocal circuit element according to a first embodi-
ment of the present invention;

FIG. 2 is a perspective view showing a step of preparing
the high frequency non-reciprocal circuit element according
to the first embodiment of the present invention, with a

plurality of magnetic green sheets on which center elec-
trodes are printed;

FIG. 3 is a perspective view showing a modification of the
first embodiment;

FIG. 4 1s a perspective view showing a second embodi-
ment of the present invention, with cavities formed in
portions of a high frequency magnetic body to be provided
with central electrodes;

FIG. 3 is a plan view showing a third embodiment of the
present 1nvention, in a state provided with a first layer of a
magnetic body;

FIG. 6is a plan view showing the third embodiment of the
present invention, with a center electrode printed on the
magnetic body;

FIG. 7 is a plan view showing the third embodiment of the

present invention, with another center electrode printed on
another magnetic body;

FIG. 8 is a plan view showing the third embodiment of the
present invention, with still another center electrode printed
on still another magnetic body:;

FIGS. 9(a) to 9(c) are perspective views for illustrating
center electrodes employed in a fourth embodiment of the
present invention respectively;

FIG. 10 is a sectional view for illustrating a step of
stacking the center electrodes and magnetic green sheets for
obtaining a compact in the fourth embodiment of the present
Invention;

FIG. 11 is a schematic block diagram for illustrating an
apparatus for forming a magnetic film and a metal film for

preparing a center electrode in a fifth embodiment of the
present invention; |

FIG. 12 1s an exploded perspective view showing mag-
netic plates, on which center electrodes are printed,
employed in a sixth embodiment of the present invention;
and
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FIG. 13 is a perspective view for illustrating a step of
assembling a conventional high frequency non-reciprocal
circuit element.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Description is now made on embodiments of the inventive
high frequency-use non-reciprocal circuit element with ref-
erence to the drawings, thereby clarifying the present inven-
tion.

First Embodiment

FIG. 1 is a perspective view showing a high frequency-
use non-reciprocal circuit element 1 according to a first
embodiment of the present invention. The high frequency
non-reciprocal circuit element 1 has a structure obtained by -
embedding a plurality of center electrodes 3a, 3b and 3¢ in
a disk shaped high frequency magnetic body 2 and integrat-
ing the same. The plurality of center electrodes 3a, 3b and
3¢ are arranged to intersect each other at intervals of about
120°, as shown in FIG. 1, while being electrically insulated
from each other through magnetic layers. Opposite ends of
each of the center electrodes 3a, 3b and 3¢ are exposed on
a side surface of the high frequency magnetic body 2.

The high frequency non-reciprocal circuit element 1 is
used, for example, as a circulator or an isolator. An exem-
plary method of manufacturing the high frequency non-
reciprocal circuit element 1 is now described with reference
to FIG. 2.

First, magnetic powder which is mainly composed of
yttrium oxide (Y,0;) and iron oxide (Fe,0,) is mixed with
an organic binder and an organic solvent, to obtain a
magnetic slurry. The magnetic slurry is shaped into magnetic
green sheets 2a, 2b and 2¢ of 10 which are several 10 ym
thick by a doctor blade coater.

Conductive paste which is preferably prepared by mixing
conductive powder of palladium or platinum with an organic
solvent is printed on upper surfaces of the magnetic green
sheets 2a, 2b and 2¢ by screen printing, thereby forming the
center electrodes 3a, 3b and 3c¢. Thereafter the magnetic
green sheets 2a, 2b and 2¢ are so arranged and stacked that
the center electrodes 3a, 3b and 3¢ intersect each other at
angles of about 120°, and an appropriate number of mag-
netic green sheets, provided with no center electrode, are
stacked on upper and lower portions of the stacked green
sheets. These layers are pressurized along the direction of
their thickness to obtain a compact laminate. Then, the
laminate is fired in a furnace at a temperature of 1300° to
1600° C., thereby obtaining the non-reciprocal circuit ele-
ment 1 having the magnetic body 2 and the center electrodes
3a, 3b and 3c embedded therein.

In the non-reciprocal circuit element 1 according to this
embodiment, the plurality of center electrodes 3q, 35 and 3¢
are formed by printing conductive paste on the upper
surfaces of the magnetic green sheets 2a to 2¢ and these
center electrodes 34, 3b and 3¢ are electrically insulated
from each other by magnetic layers formed by the magnetic
green sheets 2a to 2b, as hereinabove described. Thus, it 1s
possible not only to omit an operation of manually assem-
bling a plurality of center electrode portions, but to position
the plurality of center electrodes 3a to 3¢ in a highly accurate
manner. Therefore, it is possible to manufacture the high
frequency non-reciprocal circuit element 1, which is smaller
in size than and superior in reliability to the prior art, at a low
cost.

In the high frequency non-reciprocal circuit element 1
according to the first embodiment, the plurality of center
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electrodes 3a, 3b and 3¢ are separated by the disk shaped
high frequency magnetic body 2 to intersect with each other
while being electrically insulated from each other through
the magnetic layers. While a preferred embodiment has been
disclosed, the high frequency non-reciprocal circuit element
according to the first embodiment can be formed to have
another shape and another circuit structure.

For example (see FIG. 3), a plurality of center electrodes
3a, 3b and 3c may be arranged in a high frequency magnetic
body 2. which is in the form of a rectangular plate, to
intersect with each other while being electrically insulated
from each other through magnetic layers, and capacitance
electrodes 4a to 4¢ forming capacitors which are electrically
connected with the center electrodes 3a, 3b and 3¢ may be
embedded in the high frequency magnetic body 2 to attain
an integral structure including matching capacitors.

Referring to FIG. 3, numerals Sa to Sfrespectively denote
terminal electrodes, which are formed on both side surfaces
of the high frequency magnetic body 2 being in the form of
a rectangular plate, to be electrically connected to opposite
ends of the plurality of center electrodes 3a, 356 and 3c.

The magnetic green sheets 2a to 2¢ may be molded by a
method such as extrusion molding, for example, in place of
using the doctor blade coater, Further, the center electrodes
da to 3¢ may also be formed by a method such as gravure
transfer, for example, in place of screen printing.

Second Embodiment

Referring to FIG. 4, a method of manufacturing a high
frequency non-reciprocal circuit element according o a
second embodiment of the present invention is now
described, to clarify the structure of the non-reciprocal
circuit element according to this embodiment.

First, magnetic green sheets which are identical to the
magnetic green sheets 2q, 2 and 2¢ shown in FIG. 2 are so
prepared that a non-conductive paste containing an inflam-
mable material such as carbon paste, which is decomposed
or burned to disappear in firing of the magnetic green sheets,
or paste of a mixture of such an inflammable material and
magnetic powder is printed on upper surfaces of the mag-

netic green sheets in the same form as the center electrodes
3a to 3c.

Then, the magnetic green sheets are stacked so that the

paste members printed in the form of center electrodes
intersect with each other, and appropriate numbers of mag-

netic green sheets having no printed electrodes are stacked

on upper and lower portions of the laminate and
compression-bonded along the direction of thickness to

obtain a compact laminate. Thereafter the compact laminate
is fired in a firing furnace at a temperature of 1300° to 1600°
C.. thereby obtaining a cylindrical high frequency magnetic
body 2 shown in FIG. 4.

In the high frequency-use magnetic body 2, cavities 24, 2e
and 2f are defined in portions on which the paste of the
atorementioned inflammable material or the mixture of the
inflammable material and magnetic powder has been
printed. Namely, sidewardly exposed cavities 2d to 2f are
formed in portions to be provided with center electrodes.

Then, the high frequency magnetic body 2 is dipped in a
vessel storing a metal having a low melting point such as

lead. tin or an alloy thereof in a molten state and pressurized,
so that the cavities 2d to 2f are filled up with the molten

metal. Thereafter the high frequency-use magnetic body 2 is

taken out from the vessel and naturally cooled, thereby
forming center electrodes in the portions provided with the
cavities 2d to 2f.
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Through the aforementioned steps, it is possible to obtain
a structural body which 1s similar 1n structure to the high
frequency non-reciprocal circuit element 1 shown in FIG. 1,
with a plurality of center electrodes 3a to 3¢ embedded in
and integrated with the high frequency magnetic body 2.
Thus, it is possible to manufacture a miniature high fre-
quency non-reciprocal circuit element having high

reliability, similarly to the first embodiment.

Third Embodiment

Referring to FIGS. S to 8, a method of manufacturing a
high frequency non-reciprocal circuit element according to
a third embodiment of the present invention is now
described, to clarify the structure of the high frequency
non-reciprocal circuit element according to this embodi-
ment.

First, magnetic powder which is mainly composed of
yttrinm oxide (Y.0O;) and iron oxide (Fe,0O5) is mixed with
an organic binder and an organic solvent, to obtain magnetic
paste. This magnetic paste is applied onto a film of synthetic
resin such as polyester, for example, and dried to form a
magnetic body 6a shown in FIG. S. |

Then, conductive paste prepared by mixing palladium
powder and an organic solvent is applied onto the magnetic

body 6a as shown in FIG. 6, to form a center electrode 7a
and 1s dried. Further, magnetic paste is applied onto both the
magnetic body 6a and the center electrode 7a and is dried to

form a magnetic body 6b shown in FIG. 7. Then, conductive
paste 1s applied onto the magnetic body 6b again and dried
to form a center electrode 7b.

Further, magnetic paste is applied onto the magnetic body
60 and the center electrode 76 again as shown in FIG. 8 and

dried to form a magnetic body 6¢, and conductive paste is
applied onto the same and dried to form a center electrode

7Tc. Thereafter magnetic paste is applied onto the magnetic
body 6c¢ and the center electrode 7¢ and dried to obtain a
compact so that intersecting portions of the center electrodes
7a to 7c are located on its center.

The so obtained compact is fired at a temperature of 1300°
to 1600° C., thereby obtaining a high frequency non-
reciprocal circuit element having a similar structure to the

high frequency non-reciprocal circuit element 1 shown in
FIG. 1.

In the third embodiment, as hereinabove described, mag-
netic films and center electrodes are alternately applied or
printed, dried and stacked to obtain a laminate, which in turn
is fired similarly to the first embodiment to obtain a high
frequency non-reciprocal circuit element comprising a plu-
rality of center electrodes embedded in and integrated with
a high frequency magnetic body.

Also according to the third embodiment, therefore, it is

possible to manufacture a high frequency non-reciprocat
circuit element which is smaller in size and higher in
reliability than the prior art at a low cost.

While the magnetic layer 6a is formed by applying
magnetic paste and drying the same in the third embodiment,
the magnetic layer 6a may be replaced by a magnetic green
sheet which is employed in the first or second embodiment,
so that the center electrodes and the remaining magnetic

layers are formed thereon by application or printing, to
obtain a laminate.

Fourth Embodiment

As shown in FIGS. 9(a) to 9(¢), three center electrodes 8
to 10 have top plate portions 84, 9a and 10a and pairs of side
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- plate portions 85, 95 and 100 extending downwardly from
opposite ends of the top plate portions 8a to 10a. As clearly
understood from FIGS. 9(a) to 9(¢), the lengths of the side
plate portions 85, 95 and 105 increase successively from the
center electrode 8 toward the center electrode 10.

Then, a molding die 11 having an upwardly opening drag
11a and a cope 115 is so prepared that magnetic green sheets
2a, 2b and 2c¢, which are similar to those in the first
embodiment but having no center electrodes printed on
upper surfaces thereof, are inserted in the drag 1la alter-
nately with the center electrodes 8 to 10 and a proper number
of magnetic green sheets are inserted on the uppermost part,
and the cope 11& is downwardly moved to compress the
laminate, thereby obtaining a compact laminate.

Then, the obtained compact is fired at a temperature of
1300° to 1600° C., to obtain a high frequency non-reciprocal
circuit element, which is similar in structure to the high
frequency non-reciprocal circuit element 1 shown in FIG. 1.

While the center electrodes 8 to 10 are previously formed
by working metal plates in the fourth embodiment of the
present invention as hereinabove described, it is possible to
obtain the high frequency non-reciprocal circuit element 1
having the center electrodes 8 to 10 which are embedded in
and integrated with a high frequency magnetic body by
stacking the center electrodes 8 to 10 alternately with the
magnetic green sheets as described above.

Also in the high frequency non-reciprocal circuit element
according to the fourth embodiment, therefore, a high
frequency-use magnetic body is homogeneously arranged
around the center electrodes 8 to 10 in high density and the
compact is obtained through the molding die 11, whereby it
is possible to obtain a miniature high frequency non-
reciprocal circuit element having excellent reliability.
Further, the compact of the center electrodes 8 to 10 and the
magnetic green sheets is manufactured through the molding
die 11, whereby it is possible to manufacture the high
frequency non-reciprocal circuit element at a lower cost as
compared with a conventional method of manually assem-
bling center electrodes, a high frequency magnetic body and
an insulating film.

Also in the fourth embodiment, the magnetic green sheets
may be replaced by the magnetic paste employed in the
second embodiment. In other words, the magnetic paste may
be injected after the center electrodes 8 to 10 are inserted in
the die 11. In addition, the magnetic green sheets may be
replaced by magnetic powder.

Fifth Embodiment

Reterring to FIG. 11, a method of manufacturing a high
frequency non-reciprocal circuit element according to a fifth
embodiment of the present invention is now described, to
clarify the high frequency non-reciprocal circuit element
according to this embodiment.

Reterring to FIG. 11, a vacuum deposition substrate 13 of,
for example, a copper plate, is arranged in a vacuum vessel
12 of a sputtering unit to face a sintered body target 14 of,
for example, yttrium iron garnet at a prescribed distance.
Then, a magnetic film of the same composition as the target
14 is formed on a surface of the vacuum deposition substrate
13 by sputtering. Then, the so-formed magnetic film is
coated with a mask 15 covering portions other than those
which are to be provided with a center electrode, and another
target of a conductive material such as copper is arranged in
place of the sintered body target 14 and subjected to
sputtering, to be provided with a center electrode. The steps
of forming a magnetic film and a center electrode by
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sputtering are so repeated that it is possible to obtain an
integral structural body having center electrodes embedded

in a magnetic body, as shown in FIG. 11.

According to this embodiment, magnetic films and center
clectrodes are stacked/formed by sputtering as hereinabove
described, whereby it is possible to manufacture a miniature
high frequency non-reciprocal circuit element having high
reliability at a low cost, similarly to the first embodiment.

The vacuum deposition substrate 13 can be directly
applied to an earth electrode for forming an actual non-
reciprocal circuit element.

While the magnetic films and the center electrodes are
formed by sputtering in the fifth embodiment, it is also
possible to employ another thin film forming technique such
as 1on plating, thermal spraying, an ion beam method, vapor
deposition or vacuum deposition, to form a high frequency
non-reciprocal circuit element in a similar manner to the
above. When magnetic films are formed by such a thin film
forming method, oxide magnetic films may be formed by
oxidizing a metal.

Sixth Embodiment

FIG. 12 is an exploded perspective view for illustrating a
high frequency non-reciprocal circuit element according to
a sixth embodiment of the present invention. According to
this embodiment, three magnetic plates 164, 165 and 16¢ are
prepared as shown. Each of the magnetic plates 16a to 16¢
is obtained by stacking a plurality of magnetic green sheets
prepared in the first embodiment, working the same into

proper dimensions and thereafter firing the same at a tem-
perature of 1300° to 1600° C.

After the magnetic plates 164, 165 and 16c¢ are obtained
by such firing, conductive paste which is prepared by mixing
silver powder and an organic solvent, for example, is printed
on the magnetic plates 16q, 166 and 16¢, to form center
electrodes 17a, 176 and 17c, respectively. The center elec-
trodes 174, 176 and 17¢ are so printed as to pass through
centers of the disk shaped magnetic plates 164, 165 and 16c¢
and radially extend along them.

Then, the magnetic plates 16a, 160 and 16c are so
arranged as to direct the center electrodes 17q, 17b and 17¢
as shown in FIG. 12 respectively, and paste containing lead
borosilicate glass or the like serving as a bonding agent is
applied between the magnetic plates 16a to 16¢, which in
turn are stacked and fired at a temperature of 900° to 1000°
C. Through such firing, it is possible to obtain a high
frequency non-reciprocal circuit element, in which a plural-
ity of center electrodes are embedded and integrated with
each other similarly to the high frequency non-reciprocal
circuit element shown in FIG. 1.

Also according to this embodiment, a plurality of center
electrodes and high frequency magnetic bodies are formed
by stacking fired magnetic plates 16a to 16¢ and integrally
firing the same. Thus, it is possible to manufacture a

miniature high frequency non-reciprocal circuit element
having high reliability, similarly to the first embodiment.

Although each of the magnetic plates 16a to 16¢ is
prepared by stacking a plurality of magnetic green sheets
and firing the same in this embodiment, such magnetic plates

16a to 16¢ may alternatively be formed by press-molding
magnetic powder.

Although the present invention has been described and
iltustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.



5,662,754

9

What is claimed is:
1. A method of manufacturing a high frequency non-

reciprocal circuit clement, said method comprising the steps
of:

forming an unfired laminate having a plurality of center
electrodes which are located between a plurality of
unfired magnetic layers such that said center electrodes
are embedded in said laminate and said center elec-
trodes are electrically insulated from each other by said
unfired magnetic layers such that said center electrodes
intersect but do not totally overlap each other; and

firing said laminate.

2. A method of manufacturing a high frequency non-
reciprocal circuit element in accordance with claim 1,
wherein said unfired magnetic layers are previously molded
magnetic green sheets.

3. A method of manufacturing a high frequency non-
reciprocal circuit element in accordance with claim 2,
wherein said center electrodes are formed by using magnetic
green sheets as said unfired magnetic layers and printing
conductive paste on single major surfaces of said green
sheets.

4. A method of manufacturing a high frequency non-
reciprocal circuit element in accordance with claim 1.
wherein said unfired magnetic layers are prepared by apply-
Ing a magnetic paste to respective support surfaces and
hardening said magnetic paste.

5. A method of manufacturing a high frequency non-
reciprocal circuit element in accordance with claim 4,
wherein at least one of said unfired magnetic layers is
prepared by applying a magnetic paste to a surface of
another of said magnetic layers.

6. A method of manufacturing a high frequency non-
reciprocal circuit element in accordance with claim 1.
wherein said center electrodes are formed in such a manner
that they are embedded within said unfired magnetic layers.

7. A method of manufacturing a high frequency non-

reciprocal circuit element, said method comprising the steps
of:

forming an unfired laminate having a plurality of center
electrodes which are located between a plurality of
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unfired magnetic layers such that said center electrodes
are embedded in said unfired magnetic layers and are
separated from each other by said unfired magnetic
layers such that said center electrodes intersect but do
not totally overlap each other, at least one of said
unfired magnetic layers being prepared by applying a
magnetic paste to a support surface of another of said
unfired magnetic layers and hardening said magnetic
paste; and

firing said laminate.
8. A method of manufacturing a high frequency non-
reciprocal circuit element, said method comprising:

a step of printing paste, which is capable of being van-
ished under a firing temperature of an unfired magnetic

green sheet, on said magnetic green sheet in the form
of a target center electrode;

a step of obtaining a laminate by stacking a plurality of
said magnetic green sheets;

a step of firing said laminate for forming cavities in
regions having been provided with paste printed

thereon and obtaining a high frequency-use magnetic
body; and

a step of injecting a molten metal in said cavities and

solidifying the same thereby forming center electrodes.

9. A method of manufacturing a high frequency non-

reciprocal circuit element in accordance with claim 8,

wherein said paste containing a material capable of being

vanished at a firing temperature for said magnetic green
sheet is paste containing carbon.

10. A method of manufacturing a high frequency non-
reciprocal circuit element, said method comprising:

a step of preparing a previously fired magnetic plate;
a step of forming a center electrode on a single major
surface of said magnetic plate; and

a step of connecting plurality of said magnetic plates
provided with said center electrodes through an adhe-
sive.
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